We report the results of a Suzaku X-ray imaging study of NGC 6251, a nearby giant radio galaxy with intermediate FR I/II radio properties. Our pointing direction was centered on the γ-ray emission peak recently discovered with Fermi-LAT around the position of the north-west radio lobe 15 arcmin offset from the nucleus. After subtracting two "off-source" pointings adjacent to the radio lobe, and removing possible contaminants in the XIS field of view, we found significant residual X-ray emission most likely diffuse in nature. The spectrum of the excess X-ray emission is well fit by a power law with photon index Γ = 1.90 ± 0.15 and a 0.5 − 8 keV flux of 4 × 10 −13 erg cm −2 s −1 . We interpret this diffuse X-ray emission component as being due to inverse-Compton up-scattering of the cosmic microwave background photons by ultrarelativistic electrons within the lobe, with only a minor contribution from the beamed emission of the large-scale jet. Utilizing archival radio data for the source, we demonstrate by means of broad-band spectral modeling that the γ-ray flux of the Fermi-LAT source 2FGL J1629.4+8236 may well be accounted for by the high-energy tail of the inverse-Compton continuum of the lobe. Thus, this claimed association of γ-rays from the north-west lobe of NGC 6251, together with the recent Fermi-LAT imaging of the extended lobes of Centaurus A, indicates that particles may be efficiently (re-)accelerated up to ultrarelativistic energies within extended radio lobes of nearby radio galaxies in general.
Introduction

11
With the successful launch of the Fermi Gamma-ray Space Telescope, we now have an un-12 precedented opportunity to study in detail the γ-ray emission from different types of astrophysical 13 sources. The 2FGL catalog (Abdo et al. 2011) 1 contains 1873 sources detected in the 100 MeV to 1 galaxies, and several other non-blazar-type AGN with prominent starburst components (see also 23 Abdo et al. 2010c; Ackermann et al. 2011b).
24
Particularly noteworthy in this context is the Fermi-LAT detection of the giant lobes in the 25 nearby radio galaxy Centaurus A, extending for about ∼ 5
• in the east-west direction, and ∼ 9
• in 26 the north-south direction (∼ 300 kpc × 600 kpc at the distance of 3.7 Mpc; Abdo et al. 2010b,d ).
27
The Fermi-LAT results regarding the Centaurus A lobes have profound implications for the general 28 understanding of the evolution of radio galaxies, their interactions with the surrounding environ-29 ment, and the production of high-energy particles in the Universe. In particular, prompted by these 
34
Besides Centaurus A, three other radio galaxies detected so far with Fermi-LAT could be 35 promising targets for investigating the extended γ-ray emission components associated with radio out that the radio lobes of Fornax A might be detected at GeV energies and seen as extended 1 See also the online version at http://fermi.gsfc.nasa.gov/ssc/data/access/lat/2yr catalog/ of 1FGL J1635.4+8228, and its reported γ-ray flux could be due to the unresolved nuclear jet of the 48 radio galaxy (Migliori et al. 2011 ). Subsequently however, the position of the 2FGL counterpart
49
of NGC 6251, namely 2FGL J1629.4+8236 (detected at 12 σ level), is now shifted north-west with 50 respect to the 1FGL source position, toward the outer jet and radio lobe. We note that previously,
51
the NGC 6251 galaxy was proposed to be associated with the EGRET source 3EG J1621+8203 52 (Mukherjee et al. 2002) .
53
NGC 6251 is a nearby AGN hosting a supermassive black hole with a mass, M BH ≃ (4 − ≃ 2.1 Mpc, which is a larger physical size than that covered by the outer lobes of Centaurus A.
60
The radio jet in NGC 6251, discussed in detail in (Perley et al. 1984 November, the operation of XIS2 has been terminated and we use only three CCDs. The XIS was 105 operated in the normal full-frame clocking mode with the 3 × 3 or 5 × 5 editing mode.
106
In our Suzaku pointing, the relatively bright NGC 6251 nucleus was located well outside the 
115
We found that the expected net count rate (the XIS count rate for the "on" pointing subtracted by 116 the background count rate estimated from the "off" pointings) for the region used in the spectral 117 analysis (see § 3.2 below) due to the core contamination is 4.11 × 10 −4 s −1 only, whilst the total 118 source net count rate is 6.40 × 10 −2 s −1 . Hence, we conclude that the leakage effect is at the 119 level of about 0.64 %, and so that the stray light contamination from the NGC 6251 nucleus can be 120 considered as negligible when analyzing the diffuse emission of the NW lobe.
121
We analyzed the screened XIS data, reduced using the Suzaku software version 1.2. The 
129
The XIS cleaned event data-set was obtained in the combined 3 × 3 and 5 × 5 edit modes using 130 xselect. We note that no spectral variability were observed in the XIS data and the imaging and 131 spectral analyses are discussed in the next section. 
Spectral Analysis
163
In the spectral analysis, we extracted photons from the arc-like source region in the LOBE assuming the source region radii 2 ′ (a typical half-power diameter of the XRT, as described above).
168
We note that the origin of these X-ray features is still under debate, and hence it remains possible 169 that they represent hotspot and enhancement related to the NW lobe itself. In our analysis, however,
170
we removed all such bright X-ray spots, since the main objective of the paper is to detect and to 171 characterize the diffuse X-ray emission component associated with the diffuse radio structure of 172 the lobe. Similarly, we defined arc-like background regions for both BGD1 and BGD2 pointing 173 using the same detector coordinates as chosen for the LOBE source region. We extracted the 174 spectra from LOBE, BGD1 and BGD2 source regions with xselect for each CCD (XIS 0, XIS 175 1, XIS 3). Spectral analysis and model fitting were performed with xspec version 12.7.0. In order to improve the statistics, the spectra of XIS0 and XIS3 were summed together using mathpha.
tive area of XIS were obtained. Figure 3 shows the resulting (background subtracted) spectrum of Table 2 . We note that, the spectrum is also equally well 
193
We regard these parameters as unrealistic, and hence we conclude that the diffuse X-ray emission 
205
Note that in the case of the only radio galaxy for which the lobe emission was robustly associ- 
228
(2005). 2 We approximate the jet as a cylinder with a radius R j = 5 kpc and projected length 229 ℓ j = 40 kpc so that the emitting volume is V j = πR 2 j ℓ j / sin θ j .
230
We model the broad-band emission of the outer jet region in the framework of the beamed 
273
For the lobe, we use a similar model as for the outer jet region discussed above, but include in 
289
The total energy of the structure, being a sum of the work done in displacing a volume V ℓ of 290 surrounding gas at pressure p e+B , namely p e+B V ℓ , and the energy of the material inside the cavity, then E tot ≃ 4 p e+B V ℓ ∼ 3 × 10 59 erg. The lobe's lifetime can be estimated as
10 × (L j /10 45 erg s −1 ) Myr. We note that any significant proton contribution to the lobe pressure 294 would increase the evaluated values of E tot and t ℓ .
295
The EC/(CMB+EBL) model fits the data quite well, and the emerging lobe's parameters seem 296 reasonable. The implied departure from the energy equipartition is rather large, η eq = 45, but still 297 within the range 1 − 100 established for the lobes in radio galaxies with X-ray measurements alone and NGC 6251 radio galaxies, the γ-ray detections imply that the lobes emit one to two orders of 308 magnitude more energy in γ-rays than at radio/sub-mm wavelengths.
309
Finally we note that the non-thermal pressure of the NW lobe in NGC 6251, ∼ 10 −13 dyn cm −2 , 310 seems comparable with/bit less than the thermal pressure of the surrounding gaseous medium, 
Conclusions
322
We have presented a Suzaku X-ray observation of the NW lobe in a nearby radio galaxy 323 NGC 6251. Through this observation, we found for the first time non-thermal diffuse X-ray emis-324 sion associated with the NW lobe. Since the error circle of the γ-ray source 2FGL J1629.4+8236 325 contains both the NW lobe and outer jet region, we discussed the possible origin of γ-ray emission 326 by detailed modeling of the spectral energy distributions assuming a synchrotron plus inverse-
327
Compton emission on CMB background photons. We argued that, at least at energies below 10 328 GeV, the observed γ-ray emission is well explained by non-thermal emission from the NW lobe and displayed with square root scaling. The green contours denote the large-scale radio structure of the source observed by WSRT at 55 ′′ resolution (Mack et al. 1997a ) and indicate levels of 8, 31, 54, 77 and 100 mJy/beam. The red ellipse denotes the 95% position error of 2FGL J1629.4+8236. The position of the radio core of NGC 6251 is marked by the black cross at the center and the adjacent 'outer jet region' is marked by the magenta ellipse.
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